Global climate change and local development make water supply one of the most vulnerable sectors in Australia. The Australian government has therefore commissioned a series of projects to evaluate water availability and the sustainable use of water resources in Australia. This paper discusses a river system modelling platform that has been used in some of these nationally significant projects. The platform consists of three components: provenance, modelling engine and reporting database. The core component is the modelling engine, an agent-based hydrological simulation system called the Integrated River System Modelling Framework (IRSMF). All configuration information and inputs to IRSMF are recorded in the provenance component so that modelling processes can be reproduced and results audited. The reporting database is used to store key statistics and raw output time series data for selected key parameters. This river system modelling platform has for the first time modelled a river system at the basin level in Australia. It provides practitioners with a unique understanding of the characteristics and emergent behaviours of river systems at the basin level. Although the platform is purpose-built for the Murray-Darling Basin, it would be easy to apply it to other basins by using different river models to model agent behaviours.
The diagram elements adopt the following conventions: the rounded rectangles are software applications; the ovals are information stores (the file system or a database); solid lines depict the flow of information from source to destination; and the dotted arrow indicates data linkages, an association from one dataset to another.
There are three categories of users: modellers explore the impact of altering agent behaviours to achieve a particular goal under different climate and development conditions, and the Reporting Group and Policy Planners examine reports produced from the information generated from the IRSMF output targeted at specific water resource planning objectives.
The Reporting Database records the key summary statistics and raw time series outputs of agents and includes a description of the modelling processes used to configure the IRSMF (the settings) to achieve these outputs. Standard reports can be generated with reporting tools. Some of the plots generated require access to the 'raw' time series outputs as well as the summary statistics.
The Provenance system ensures the exact same simulation can be reproduced at a later date to generate the exact same results as before. This ensures that it is possible to trace the results back to the source data, model version, and system configurations.
The IRSMF modelling engine is the core of the proposed platform, where all modelling processes are run. It is written in C#.net and has a graphical interface that allows executables and configuration files to be added and assigned to individual agents, agents connected together and the scenarios run. It performs three basic tasks:
1. Gathers climate and flow scenarios, modifies inputs for various agents, then simulates the whole river system in a specified sequential manner (specified in an XML configuration file).
2. Extracts specific time series information from agents, allows for time step differences and inputs the time series information to connected agents. The information includes flow, height, storage spills, storage volume, demands and resource availability (allocation) information.
3. Post processes results from the agents, for example, converting the outputs into a consistent format for uploading to the reporting database. These results are subsequently used in preparing reports.
When a modeller decides that the results of a study on a valley (one agent or several linked agents), a region (linked valleys), or the entire basin (linked regions) will be of interest to others or should be recorded for comparative purposes or further analysis then the results are archived.
It is at this point that the interactions between the IRSMF and the various information stores within the reporting database are activated.
Workflow
Before starting a study, a modeller will either manually prepare all legacy river system models, which are used to model behaviours of agents, and required input scenario data using a specific file structure, or resurrect a snapshot of the whole file structure from the provenance system. This includes the whole file structure of the agent template directory and the scenario data directory, a list of scenarios and a list of parameters for each agent type that can be adjusted for the study. The modeller can then conduct a study with the following six steps ( Figure 2 ). 1. Configure the run time environment including the path of the agent template directory, scenario data directory, and working and output directory, scenario list and tweak tags. 4. Run the simulated river system.
5.
Upload key summary statistics, key output time series and IRSMF settings to the reporting database for further analyses. If the inputs or configurations of any agent were changed, then the provenance also needs to be updated.
A series of standardised reports is generated and further
analyses can be conducted.
MODELLING ENGINE -IRSMF
Understanding the dynamics of coupled social-environmental systems is more complex than non-coupled systems because of nonlinearities and emergent behaviours. It is interesting that in all the above studies, except Reaney (), the agent-based models were all adopted to model the social or economical component of the studied system. There are three steps to implement the interaction from agent A to B:
1. Extract the time series data at the connection point from the agent A outputs. The IRSMF works strictly on a predefined file structure containing three main directories ( Figure 5 ).
1. Scenario data directory: contains all required scenario data files (e.g. climate data, flow data). These files are different for different scenarios. They are inputs to agents. This way the Subversion repository (the central file store) becomes the provenance information store. When the summary statistics are loaded into the reporting database, the Subversion revision number and a few IRSMF specific details are all that is required to allow the same IRSMF configuration settings to be replicated, allowing a simulation to be repeated at a later date.
To repeat a simulation run, the entire IRSMF software and all corresponding inputs and configuration details are resurrected from the Subversion repository using the corresponding revision number, and re-run.
REPORTING DATABASE
The reporting database stores three types of data: IRSMF settings, summary statistics and raw time series data produced from each agent. A set of selected key statistics are automatically calculated after a simulation and stored in the reporting database. A description of the simulation is also stored in the reporting database. A link to the IRSMF state is made by recording the unique ID of the corresponding snapshot in the provenance system.
The database schema to capture this information is shown in the entity-relationship diagram ( Figure 6) .
A description of these entities is as follows.
RepositoryDetails contains information about the Subversion repository. This includes the path to identify the repository and the revision number corresponding to the simulation used to produce the results. The revision number (unique ID) is the Subversion managed reference that can be used to resurrect the same file structure used for IRSMF. The path is the label for the directory used for the Subversion check out, the Subversion commit comments for that revision number, and the Subversion user name of who performed the commit.
FrameworkDetails records the configuration of the simulation. These details are provided by the user on the IRSMF interface: the river system being run (the xml definition file loaded), the scenario being run, the period the models are run for (start and end dates), and the reporting start and end dates.
RunDetails contains the description of the simulation when performing a run. This includes a user-provided description of the purpose of the run, the actual start and end times when the run was performed, and the machine name on which it was run. This is referred to as a Framework run and will consist of many simulation runs.
ModelRun contains the information about an individual agent within a simulation. There are one or more ModelRun entries for a single simulation, corresponding to the number of agents in the IRSMF River System being run. The SummaryData the summary statistics produced from a simulation are stored in this entity.
Indicator is a complete description of the parameters in the statistics configuration file used to generate the summary statistics.
Site is a description of a Site. A site has an identifier, the Id, which is unique across the basin, regardless of the region or state it is located in.
Measurand is a description of the data that may be collected at a site.
DataQuality is a further description of the data that may be collected at a site. TimeStep to distinguish them. The original values will always be stored, but it may be possible to also derive, for example, monthly or annual time series data and record these values also.
DISCUSSION
In the MDBSY project, the whole river system is simulated xA number of challenges were encountered in building this platform. There are 63 agents modelled by eight legacy surface water or groundwater models, and 218 agent interactions that describe the whole MDB. It is quite difficult to connect them all and get them to run for a common period on a common platform. Some of the models needed to be extended to cover the common modelling period. Connection points needed to be clearly identified at the up and downstream ends to ensure mass balance is preserved. Some models would only work with a specific directory structure and would not handle long file names and were subsequently modified. Some models would not run with multiple copies at the same time. A unique directory structure on multiple drives has to be developed to support all of the idiosyncrasies of the various models. Some models are so old that they have been compiled for 16-bit processers and needed to be recompiled so that they could be run on a 64-bit operating system. One of the models crashed for some of the extreme scenarios and had to be modified several times.
The runtime is another issue. A single simulation of 111 years for the whole MDB takes about 3-4 days even with parallel computing. All the simulations have then to be submitted to a cluster so that the simulations for different scenarios can be run at the same time.
The methods used in this study to disaggregate results to a shorter time step preserve the new monthly values but do not reflect the likely changes in daily flow characteristics. The methods used for calibrating each of the models vary considerably. In some cases, the ungauged inflows are artificially large which is compensated by large unattributed loss relationships. In other cases, losses are included in the ungauged inflows. There is scope to develop a consistent and robust approach to calibration for all models.
Many models use regression relationships for inflows and demands, which in some cases are not robust for extreme climate and flow changes. These need to be replaced by physically based models that reflect the change in demand as a function of climate and available resources. This is not an easy task and in the meantime the platform currently developed will still play a very important and useful role.
CONCLUSIONS
The proposed river system modelling platform has been developed to model the MDB at the whole of the basin scale. This has been the first time that catchment managers and policy makers have had access to such a tool to support water planning and policy development. It has provided practitioners a unique understanding of the characteristics and emergent behaviours at the basin level. Although it is purpose-built for the MDB, it would be easy to apply it to other basins by using different river models to model agent behaviours.
The proposed modelling platform allows the assessment of water resource contributions from multiple regions to downstream sites. This provides a useful way of understanding how changes within a region will impact on downstream users. Understanding this connectivity is essential to managing the whole of basin impacts for policy development and how they might impact on the environmental aspects of the entire basin.
The platform has successfully been applied into two high profile national projects: the MDBSY and MDBP, this work has resulted in some further improvements in the future use of the platform, such as a flexible plug-in system to allow the modeller to easily plug a new type of agent (model) into the platform; the integration of data analysis functionalities into the platform. The visualisation tool could be enhanced so that modellers may easily capture the pattern during data analysis; and feedback could be explicitly modelled rather than having multiple replications of models feeding forwards.
